Abstract-A problem on surface sh-waves' propagation in a piezoelectric structure with a coating from a functionally graded material is considered. As a "base" material, a piezoelectric of 6mm class hexagonal syngony is used. The problem solution is based on the approach, which combines analytical methods of constructing the solution for homogeneous components and numerical methods of constructing the solution for inhomogeneous components of a heterogeneous structure. For problems with an electrically open or closed free surface, the transformation of the surface wave field, depending on the character of the change of the coating properties, is studied. Peculiarities of the surface waves' behaviour at different combinations of the coating and substructure materials are investigated. It is demonstrated, that by means of a special change of the coating properties it is possible to obtain the structure, on the surface of which Love waves or BleusteinGulyaev waves (BGW) are propagated, or the structure in which surface waves are absent in a definite frequency range.
INTRODUCTION
The application of devices based on surface acoustic waves (SAW) in different systems for the storage of information, for the transmission and processing of signals has been known since the 1970s [1] [2] [3] . The field of application and the character of the problems being solved are mainly determined by the velocity, peculiarities of propagation and localization of displacements in the surface waves on which the devices operate. Modern piezoelectric materials are widely applied in developing and producing micro-electromechanical systems, systems for obtaining, storing and transmitting electrical energy, for processing, transmitting and storing information. Many types of the devices based on SAW are either a "receiving layer -substructure" construction, or multi-layered structures of different architecture. The structures with a layer from FGPM [4, 5, 6] , layered piezoelectric constructions with different types of elastic and dielectric inclusions and coatings are used [7] [8] [9] [10] . The problems of the existence and peculiarities of the behaviour of electroelastic Love waves, depending on the models under consideration, are studied. Peculiarities of the behaviour and propagation of Bleustein-Gulyaev waves in piezoelectric layered and functionally graded structures are investigated [11] [12] [13] . In [14] [15] [16] [17] , a generalized model of a prestressed ferroelectric structure consisting of a homogeneous half-space with an inhomogeneous coating is suggested. The coating is modeled either by a layer from a functionally graded material, or by a packet of both homogeneous and inhomogeneous layers. In [14] , we investigate the influence of the character, intensity and region of localization of inhomogeneity on SAW propagation, in the framework of the monotone and non-monotone change of the properties of the coating from FGPM. In [16, 17] , in the framework of the layered coating model, we investigate the change of the surface wave field, depending on the character and value of the initial deformations induced in each component of the structure. In [18] [19] [20] , we consider the piezoelectric structures with a functionally graded coating, the properties of which change in a piecewise continuous way. In [18] , we investigate the influence of the inhomogeneous initial stresses, which induce a homogeneous initially deformed state in the coating, on the peculiarities of SAW propagation. In [19, 20] , we investigate the model of an "acoustically homogeneous" structure, in which the velocity of a space shear wave with respect to the depth does not change. The influence of the properties of the internal layer and orientation of the polarization vectors of the coating and the substructure on the peculiarities of SAW propagation and electromechanical coupling coefficient is shown. In this paper we consider a model of an "acoustically inhomogeneous" structure in which the density and material moduli change with respect to thickness in a different way. A rigid or pliable, with respect to the substructure, interface inclusion is modeled in the coating. For the problems with an electrically open or closed free surface, the transformation of the surface wave field, depending on the density and rigidity of the inclusion, is investigated.
II. PROBLEM FORMULATION
A problem on sh-waves' propagation on the surface of piezoelectric medium 2 x H ≤ , 1 3 , 
The upper index 0 n = corresponds to vacuum, 2 n = corresponds to the half-space and 1 n = corresponds to the coating. Further, the problem formulation, the dispersion relation and the results of the investigations are given in the dimensionless parameters [14, 20] : The boundary-value problem on the oscillations of the composite electro-elastic medium with an inhomogeneous coating with respect to (2) is described by equations [14] [15] [16] [17] [18] [19] [20] : , 2  2  2  2  2  2  2  3  33 3,  34  4,  2  1   2  2  2  2  2  43 3,  44  4 
The boundary conditions are:
at 2 x H = -the mechanical stresses are absent:
electrically free surface ( 2 x H = ):
electrically closed surface ( 2 x H = ):
at the interface of the coating and substructure ( 2 0 x = ): 2  1  2  1  2  23  23  2  2 , ,
at the infinity:
In relations (3) - (10) we use the following notations: e are the components of the tensors of the elastic constants, piezoelectric moduli and the tensor of permittivity.
Further, to solve the boundary value problem and to analyze the peculiarities of the surface waves' propagation, we use the method [20] , based on the numerical construction and the subsequent investigation of Green's function. We formulate two different problems:
problem I is the problem with an electrically open surface which is described by motion equations (3) - (5) with boundary conditions (6), (7), (9), (10); problem II is the problem with an electrically closed surface which is described by motion equations (3), (4) with boundary conditions (6), (8) - (10).
III. METHOD OF SOLUTION

A. Solution representation
Solutions of problems I and II are constructed in Fourier transforms, α is the transformation parameter by coordinate
for inhomogeneous coating ( 3, 4 p = ) [14] [15] [16] [17] :
for half-space and vacuum: 2  2  2  2  2  2  2  2  2  2332  1331  2  2342  1341  2   2  2  2  2  2  2  2  2432 1431 2442 1441
are determined from the solution of a homogeneous system of linear equations with the matrix of (14) . Functions 
with matrix
In equation (15) we use notations:
, ,
Here ( )
are Fourier transforms of the components of the stress tensor, induction vector (11), augmented displacements' vector; kp δ -is Kronecker delta.
The unknown coefficients (15) - (17) is constructed numerically, the modification of Runge-Kutta method is used in the paper.
B. Dispersion equation
The dispersion equations of problems I and II for the piezoelectric structure with the functionally graded coating are of the form [19, 20] :
The dimensions of matrix A and of the matrices it is composed of are determined by the problem geometry and by the boundary conditions. Due to the assumed initial conditions of Cauchy problem, matrix Matrix A for problem I has dimension 7 7 × , matrices × respectively. Their expressions are given in [19, 20] .
Matrix A for problem II has dimension 6 6 × ,
G is the zero matrix of dimension 2 2 × , matrix 
XII International scientific and technical conference "Dynamics of Systems, Mechanisms and Machines" (Dynamics) 13-15 November 2018, Omsk, Russia
The elements of matrix
are determined by the parameters of the coating and by the conditions on the surface, the elements of matrix V are the velocities of BGW for the problems with the electrically free and closed surfaces). For the parameters of the base material and the substructure material, conditions
Let us consider the case of an "acoustically inhomogeneous" medium, i.e., taking into account (1), the following conditions are satisfied:
We assume that the coating properties change in a piecewise continuous way: the coating is divided into M components ). The suggested in the paper approach makes it possible to investigate the influence of the change of the inclusion density on the peculiarities of SAW propagation in piezoelectric structures. In [19] , it is shown, that even a slight change of the internal layer density of the inhomogeneous coating leads to considerable changes of the surface wave field. Let us consider the following combinations of
i.e. the velocities of the space shear waves of the materials of the internal layer and the substructure: The figures show that when shear velocities of the internal layer according to condition (22) increase, the transformation of SAW takes place. A high velocity horizontally polarized Bleustein-Gulyaev wave propagates on the surface. As in the previous case, the characters of the velocity behaviour for the coatings with a rigid and pliable inclusion differ considerably. [ , ] κ κ , in which the surface wave transforms into the space wave. In this case, the value of the range depends on the rigidity and thickness of the layer. In a low frequency range the decrease of the velocity remains. The case of a pliable inclusion (curves 2, 3, 4) leads to a certain increase of the SAW velocity. For problem I, the transition to condition (23) leads to the limitation of the range of the SAW existence. The figures show, that in problem II, in case of the relation of the parameters determined in (24), the presence of the rigid internal layer in the coating leads to the increase of the frequencies' range in which the surface wave is absent. There is no low frequency bend with the decrease of velocity (curve 1 in figures 2 a and 3 a) which is characteristic for the rigid internal layer. In case of a pliable internal layer, the behaviour of SAW velocity depends considerably on 
V. CONCLUSION
The model of a piezoelectric structure with an inhomogeneous piezoelectric coating is considered in the paper. The coating with the rigid or pliable, with respect to the substructure, interface inclusion is modeled by a functionally graded layer with a piecewise continuous change of properties. In the framework of the model for the problems with an electrically open or closed free surface, the influence of the intensity of the density change of different types of inclusion on the transformation of the surface wave field is investigated. It is shown, that by means of the intensity of the density change of the coating internal layer, it is possible to obtain the structure, on the surface of which Love waves or BGW are propagated, or the structure, in which SAW are absent in a definite frequency range. The peculiarities of SAW propagation, depending on the character of the coating inhomogeneity at a different relation of the shear waves' velocities of the internal layer and the substructure, are determined. The results, obtained in the framework of the application of the functionally graded layer with a piecewise continuous change of properties, completely (up to 1 -10 ) coincide with the results, obtained by an analytical method, using a three-layer model of the medium. It should be noted, that the conducted in the paper investigations on the influence of the density and rigidity of the coating internal layer on the phase velocities of SAW can be used in designing new devices based on SAW for the optimization of their structure and for the development of the methods of regulating the process of the wave field formation.
